Objectives-To study whether air contaminants in sawmills can induce acute changes in the upper and lower airways of previously non-exposed subjects. Methods-Nineteen healthy volunteers were examined to find the concentration of interleukin 6 (IL-6) in nasal savage fluid and lung function before and after five hour exposure to dusts and fumes generated in a sawmill where timber from Scots pine was sawed. When exposed, the subjects had respirators with and without a particle filter. Results-The median for daily time weighted average concentration of total dust for subjects with respirators without a filter was 0'13 mg/m3, which was significantly higher than the median of 0-04 mg/im3 for subjects who had respirators with a filter. The median for the concentration of IL-6 in the nasal savage fluid increased after exposure from 0'5 to 5*9 pg/ml in subjects with respirators without a particle filter (P < 0OO5). The increase of the concentration ofIL-6 was significantly correlated with the dust concentration. A decrease in transfer factor of the lung was significantly correlated with daily time weighted average concentrations of terpenes. Conclusion-The findings suggest that healthy volunteers, exposed to air contaminants in a sawmill, show a slight inflammatory reaction. Also, the results of the study indicate the importance of decreasing the concentrations of wood dust in the work environment. (Occup Environ Med 1996;53:586-590) 
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(Occup Environ Med 1996;53:586-590) Keywords: biological exposure indicator; interleukin; particle filtration; terpenes; wood dust As early as the 18th century, Ramazzini decribed irritation of mucous membranes after exposure to air contaminants in connection with wood processing.' A correlation between exposure to wood dust and obstructive lung disease was established about 200 years later.2 Earlier studies suggest that exposure to dusts generated in sawmills may cause impairment of lung function.'4 Several studies have been performed on wood trimmers, who sort and trim sawn and dried wood, and are exposed to fungi generated in the drying process. Exposure assessments of dust, the sum of terpenes and endotoxin were carried out with personal sampling, where the sampling point was located inside the respirator. Total dust was collected on cellulose acetate filters mounted in a 25 mm sampling head. Personal sampling of total dust was also carried with the sampling point located on the shoulder of the subject. Endotoxin was sampled on IOM samplers (SKC, PA, USA). The samplers were connected to battery powered pumps carried by the men, with a flow rate of about 2 I/min. During sampling for dust, the sum of terpenes and endotoxin were measured for every subject for the whole exposure time, five hours. The filters were weighed before and several days after sampling. The detection limit for total dust was 0-1 mg corresponding to 0-01-0T02 mg/M3. The concentration of endotoxin was analysed by Limulus amoebocyte lysate test, (QCL-1000 Endotoxin, BioWhittaker, Walkerswille, USA) with Escherichia coli 011 1 -B4 as standard. The detection limit was 0-1 endotoxin unit/ml (-0008 ng/ml).
The sum of terpenes (a-pinene, f5-pinene, and A-3-carene) was collected by diffusive samplers with charcoal (SKC, PA, USA). The samplers were stored in a freezer at -20'C before the analysis (about seven days after sampling). The terpenes were analysed on a gas chromatograph with a flame ionisation detector. 12 
BIOLOGICAL EFFECT INDICATORS
The biological effect indicators included nasal lavage, spirometry, measurements of the transfer factors of the lung, and bronchial provocation with methacholine. A nasal lavage procedure described earlier by Bascom and coworkers and Pipkorn and coworkers"314 was used with minor modifications. The subject flexed the neck 450 backwards and closed the soft palate while 5 ml 0-9% NaCl was instilled into one nostril, with a needleless syringe.
After 10 seconds the neck was flexed forwards and the liquid was expelled into a plastic basin which was placed on ice during processing. The procedure was repeated on the other side. The volume of the combined lavage portions were measured and centrifuged for 10 minutes at 200 g at a temperature of 4°C and the supernatant was frozen at -70°C for later analysis. The median (interquartile range) amount of nasal lavage fluid recovered was 7-5 (7-1-7-9) ml. The cell pellet was suspended in balanced salt solution and the number of cells 
Results
Daily time weighted average values for total dust, sampled inside the respirator, were significantly lower for subjects wearing a respirator equipped with a particle filter (table 2) . The median concentration of total dust when four pairwise measurements had been carried out inside and outside the respirator was 0d12 and 0-17 mg/M3, respectively. The distributions of the measured monoterpenes between the groups with and without a particle filter in the respirators were identical and were made up of 64% a-pinene, 5% 3-pinene and 31% A-3-carene. The analysed concentrations of endotoxin were below the detection limit. There were no significant differences in the number of cells in the nasal lavage fluid after exposure between subjects with and without a particle filter. In the sawmill the concentration of IL-6 was significantly higher in subjects without a particle filter (table 3) . There were no significant differences in FVC, FEVI, and TLco as percentages of reference values'5 between subjects with and without a particle filter (P < 0 6). Median (25th-75th quartiles) for Table 5 respectively. There were no significant differences in the change of FVC, FEV,, and TLco after exposure in subjects with and without a particle filter (table 4) . The average changes in bronchial responsiveness after exposure were comparable for subjects wearing a respirator with and without a particle filter (table 4) . The increase in IL-6 in the nasal lavage fluid after exposure was correlated with daily time weighted average values for total dust (p = 0*43, P < 0 05, one tailed test, fig 1) . The decreases after exposure in TLco and alveolar volume were correlated with daily time weighted average values for the sum of terpenes (p = -0-46 and p = -047; P < 0-05, one tailed test, fig 2) . The change in TLco was also significantly correlated with the concentrations of the monoterpenes a-pinene, /3-pinene, and A-3-carene (p = -049; p = -0 53; p = -0 46, respectively). When the same analyses were carried out on each group separately, it was found that the correlations between the change in TLco and the monoterpenes were only significant in subjects wearing a respirator without a particle filter (table 5) .
Discussion
The aim of the present study was to study air- 
To differentiate the effects of particles and volatiles one group used air stream respirators equipped with a filter that removed airborne particles. The other group used the same kind of respirator but without a filter to increase comparability and to blind the exposure to the subject. The subjects were healthy non-atopic volunteers with no previous exposure to sawmill air to exclude any possible effects of sensitisation to sawmill dusts and volatiles. Baseline values were measured at the same time of the day as the values after exposure to minimise diurnal variation. This study design allows detection of very small changes, < 5% in the subjects examined. The use of a particle filter in the respirator decreased the concentration of total dust in the inspired air by about 60%, but did not influence the concentration of volatiles (table 2) . Even a respirator without a filter resulted in about 1/3 less total dust than in air sampled from the shoulder. This is probably due to the sedimentation of dust on the fan blades and within the tubing supplying the helmet. The dust concentration was generally low and the daily time weighted average values of total dust corresponded to 6% of the Swedish hygienic limit for wood dust. Air contaminants in sawmills may cause air inflammation, associated with the release of proinflammatory cytokines such as IL-1, IL-6, and tumour necrosis factor-a (TNF-a). In the present study we used IL-6 as a marker of the release of inflammatory cytokines and thus of airway inflammation. Interleukin-6 together with IL-1 and TNF-a are potent inducers of systemic effects such as fever and malaise and can be found in nasal and bronchoalveolar lavage fluids and in peripheral blood after pronounced airway inflammation induced by toxic dusts.17 18 In both groups there were nominal increases in cells and IL-6 concentrations in nasal lavage fluid, but the changes were greater in subjects not using a particle filter. The increase in IL-6 in subjects not using a filter was the only change in nasal lavage variables reaching significance (table 3) . Inhalation of bacteria rich dusts from swine house buildings with endotoxin concentrations in the order of 1300 ng/m3 causes airway inflammation and increases in IL-6 concentrations in nasal lavage. '5 In the present study, the concentrations of endotoxin were below the detection limit ( 0 1 ng/m3). It is therefore not probable that the increased concentration of IL-6 was caused by exposure to endotoxin, but rather by agents associated with the particles in sawmill air. Daily time weighted average concentrations of the sum of terpenes was about one third of the present hygienic limit value (table 2) . There were no changes in spirometric values in the present study (table 4), but TLco correlated negatively with the sum of terpenes in the combined groups (fig 2) . The correlation was, however, most pronounced in the group without a filter (table 5), although both groups had similar values for total terpenes (table 2) . Particularly, Scots pine is rich in terpenes, which are released during the sawing of fresh pine. The terpenes reach the air associated with wood particles and are volatiles. It has been suggested that A-3-carene can be oxidised into short lived reactive products, that may cause contact allergy. Wood particles also contain rosins, and in pine and spruce, the dominant resin acids of rosin are abietic acid and dihydroabietic acid.919 During contact with air, abietic and dihydroabietic acid is quickly oxidised to short lived and very potent contact allergens.'0 We have no knowledge if such agents also cause acute effects, or if other constituents contribute to the effects we found. Some studies have indicated an inflammatory response after short term exposure to terpenes2021 but other studies have not shown such effects. 2223 The results of studies on sawmill workers suggest chronic effects on airways, incuding changes in lung function over a workshift.56 Sawmill workers with a daily time weighted average concentration of terpenes varying between 100 and 550 mg/m3 showed a chronically decreased FEV, and an increased tendency to airway closure.4 This study prompted measures to decrease the exposure to fumes of the sawmills, resulting in a decrease in the mean concentration of terpenes of about 85% and a significant improvement in lung function. 24 The concentration of wood dust was about half of the present hygienic limit value and unaltered between the two study occasions. A problem in interpreting data from previous studies on sawmill workers is that previous studies have often focused on workers exposed to wood fungi in the trimming section of the sawmills.56 Thus in several studies it is not clear whether the suggested health effects resulted from exposure to air pollutants associated with sawing of timber or other exposures associated with the handling of wood that has passed the drying kilns. In one study, however, workers in the sawing department were compared with wood trimmers and workers outside the trimming and sawing areas and the sawyers were found to have lower transfer test values compared with controls, and an increased bronchial responsiveness. 16 In conclusion, the findings of this study suggest that healthy volunteers, exposed to air contaminants in a sawmill, show a slight inflammatory reaction of the upper airways. Also the results indicate the importance of decreasing the concentrations of particles in the work environment.
